ABSTRACT: Improvement of USDA Select grade beef is essential for consumer acceptance of leaner beef. Seventy-two large-and medium-framed steer calves of mixed breeding were used in two experiments to evaluate feedlot performance, carcass composition, and beef palatability. Interactions of dietary energy level
Introduction
Feeding system that produce the leanest carcasses result in the lowest ratings for longissimus tenderness (Miller et al., 1987) . Electrical stimulation (ES) improves tenderness more in cattle that are foragefed, lean, or spend a limited time in finishing lots (Save11 et al., 1979; Salm et al., 1981) . The differential response to ES is not completely understood.
Limited data on low-voltage ES show it to be less effective than high voltage in improving tenderness ratings (Unruh et al., 1984; Smith, 1985) . Kondos and Taylor (1987) suggested that low-voltage ES combined with 2 to 3 h storage of beef carcasses at 15°C is sufficient to prevent cold shortening of muscles during subsequent chilling at 0 to 2°C. The effects of J. Anim. Sci. 1994 . 72:1224 -1231 this treatment (low-voltage ES plus a conditioning period) on carcass quality, cooking attributes, and tenderness ratings have not been fully evaluated. Takahashi et al. (1987) concluded that further studies are needed on low-voltage ES in relation t o palatability attributes.
The objectives of this research were 1 ) to assess the composition and palatability of USDA Select grade beef and 2 ) to define the interactions of dietary energy level and breed with carcass ES voltage (low or high) and chilling rate (normal or delayed).
Materials and Methods
Seventy-two large-and medium-framed steer calves of Simmental, Angus, and mixed breeding were used in two experiments. Experiment 1 used 40 mediumframed steer calves of mixed breeding and Exp. 2 used 16 medium-framed Angus and 16 predominantly Simmental steer calves of large frame size. Steers were not implanted. They were weighed at the start of the experiment (initial weight) and assigned at random (Exp. 1) and at random within breed (Exp.
2 ) to either high-energy (corn grain) or mediumenergy (corn silage) ad libitum diets. There were 20 steers per treatment in Exp. 1 and 8 steers per breedtreatment group in Exp. 2. Steers were confined in individual pens (5.28 m2> and weighed and bled every 4 wk. Blood was collected in vacutainer tubes (15 mL), transported on ice to the laboratory, centrifuged for separation of serum, and stored a t -20°C until it was used for later determination of serum hydroxyproline. Steers were subjectively appraised for quality by two experienced individuals and slaughtered when they individually reached USDA Select grade. Steers designated for slaughter were trucked before the morning feeding from the farm t o the Purdue Meat Science Laboratory (20 km) and weighed before slaughter.
One hour after completion of slaughter, skinning, and evisceration, randomly selected whole carcasses were stimulated either by high (400 V, 60 Hz AC) or low (40 V, 60 Hz AC) voltage. Voltage was intermittently ( 2 s on, 2 s off for a duration of 2 min) applied via a stainless steel probe with the rail serving as the ground. This provided 10 carcasses in each dietvoltage treatment group in Exp. 1 and 4 carcasses in each breed-diet-voltage treatment group in Exp. 2. Following ES and carcass splitting, paired carcass sides were weighed and randomly assigned to either normal (chilled immediately at 0 to 2°C) or delayed (chilled normally after 2.5 h at 20°C) chilling. Immediately after carcass splitting, and at 2.5, 5 , 24, and 48 h after slaughter, deep round temperatures were recorded. Delayed chilling led to a slower rate of temperature decline (Gomide, 1992) than normal chilling. On the 2nd d, only the normally chilled carcass side was ribbed and graded for USDA quality and yield grade by a three-member committee of meat scientists experienced in beef grading. Marbling (slight-= 3, slight" = 4, slight+ = 5 ) and quality grade (Select-= 9, Select" = 10, Select+ = 11) were scored numerically. At 48 h postmortem, the 9-10-11th rib section was separated from the left side, dissected into bone, fat, and separable lean, and weighed (Hankins and Howe, 1946) . The longissimus muscle was ground separately and sampled for fat determination. Fat and muscle portions (including longissimus) were ground and a sample obtained from each for determination of moisture, fat, and protein (AOAC, 1975) .
Frozen serum samples were thawed overnight in a cold room at O"C, and 2 mL was extracted in 8 mL of cold 95% ethanol and centrifuged at 5°C and 1,000 x g for 15 min. The supernatant was collected and the pellet was resuspended in 2 mL of 95% ethanol and centrifuged. The supernatant was evaporated under vacuum using a Rotovap (Buchi Laboratorium, STechnik, AG,CH-923, Falawil, Switzerland) evaporator and the residue was redissolved in 3 mL of distilled water. Reconstituted samples were analyzed spectrophotometrically for hydroxyproline as reported by Bergman and Loxely ( 1963) . The amount of hydroxyproline in each sample was determined using a standard curve.
On the 3rd d postmortem, two 2.5-cm-thick loin steaks were separated from each side at the last thoracic and first lumbar vertebrae, vacuum-packaged, and stored at -40°C until they were used for cooking and sensory evaluation. The frozen steaks were thawed at 3°C for 3 d, deboned, and broiled, using a Farberware open hearth grille (Farberware, Bronx, NY), for 12 min on each side. An average internal temperature of 71°C was achieved. Six trained panelists evaluated the longissimus muscle for initial hardness, initial juiciness, number of chews before the meat was ready for swallowing, juiciness after chewing (sustained juiciness), and resistance after chewing (bolus resistance). Hardness reference standards were similar to those of Munoz (1986) . Olive samples were assigned a hardness score of 6.5. The amount of liquid expressed from the sample during the first bite was taken as the initial juiciness and a U S . Choice grade reference steak was assigned a juiciness value of 5. The number of chews required to render the bolus swallowable was taken as another estimate of tenderness. Sustained juiciness and bolus resistance score were evaluated by the sensory panel after chewing the sample 20 times without swallowing. The reference steak was assigned a value of 5 for sustained juiciness. Panelists reported their response, except numbers of chews, on a 15-cm scale with anchor points for selected reference standards.
Statistical analyses were performed using the GLM procedures of SAS (1989) for analysis of variance. Separation of treatment and main effects means was done using the Student-Newman-Keuls test (SAS, 1989). Least squares means, standard errors, and probability values were reported. The objective of the data analysis was to compare effects of diet, ES, and chilling rate on experimental variables, Because the second experiment included two distinct breeds (Angus and Simmental), a breed effect was included in the analysis of the second experiment. Before analyzing data from each experiment separately, the two data sets were combined and the statistical models included the fixed effect of block (replicate) and diet for the feedlot performance data. Diet, ES, and chilling rate were the main effects for carcass characteristics and palatability attributes. Variation due to replication was significant ( P < .OOOl), indicating that Exp. 1 and 2 were different. Data in each experiment were then analyzed separately and compared to quantify the effects of the fixed variables, using the general linear model, on feedlot performance, carcass characteristics, and sensory attributes. For data from Exp. 1, the model included diet as a main effect for feedlot performance and carcass characteristics. For palatability attributes, the model included the fixed effects of diet, ES, chilling rate, and their interactions. A similar procedure was followed for analyzing data aKidney, pelvic, and heart fat. bMarbling score 3 = slight-, 4 = slight", 5 = slight+. 'Quality grade 9 = Select-, 10 = Select", 11 = Select+. ' NS = not statistically significant.
from Exp. 2 with the exception that breed and its interactions with other main effects also were included in the statistical model.
Results and Discussion
Feedlot Performance, Serum Hydroxyproline Concentration, and Carcass Characteristics. In both experiments, grain-fed cattle had similar ( P > .05) initial and slaughter weights and heavier ( P < .05) carcasses compared with silage-fed cattle (Table 1 ) . Although it was reported that dressing percentage increases when cattle are fed high-energy diets (Utley et al., 1975) , differences in dressing percentage between diets in this study were small and significant ( P < .05) only in Exp. 2. This may be explained by the fact that steers on the two diets were at similar weights when they reached the end point quality grade. Average daily gain was higher ( P < .O 1) for grain-fed than for silage-fed cattle in Exp. 1, but the gain for cattle in Exp. 2 was not ( P > . 0 5 ) influenced by type of diet. Likewise, silage-fed cattle in Exp. 1 spent 12 d more on feed than grain-fed cattle, but, in Exp. 2, the difference was only 2 d.
Grain-fed steers tended to have greater ( P > .05) fat depth than silage fed steers (Table 1) . Loin eye areas from the two diet groups were similar ( P > .05) in both experiments and kidney, pelvic, and heart fat percentage and yield grades were numerically, but not significantly, higher ( P > .05) in grain-fed than in silage-fed cattle of both experiments. Grain-fed steers had more marbling and higher ( P < .05) quality grades by approximately one-third of a grade than silage-fed cattle in both experiments, despite attempts to visually establish a Select grade end point. Other research has shown that high-energy diets lead to greater fatness and lower cutability Hall and Hunt, 1982) . The present study is in general agreement with those results, but, because the cattle were slaughtered individually a t a constant degree of fatness, the dietary effects were minimized and the yield grades were similar ( P > .05) between diets.
Simmental cattle had heavier initial ( P < .05j, slaughter ( P c: .Ol), and warm carcass weights ( P < . O l > , larger loin eye area ( P < .Ol), less fat depth ( P < . O l j , and lower yield grade ( P < .01) than Angus cattle (Table 2 ). However, they spent 31 d more ( P < .01j on feed than did Angus steers ( Table 2 ). The aKidney, pelvic, and heart fat. bMarbling score 3 = slight-, 4 = slight", 5 = slight+. 'Quality grade 9 = Select-, 10 = Select', 11 = Select'.
~N S = not statistically significant.
results are consistent with those reported on influence of frame size (breed) on beef carcass characteristics (Berg and Butterfield, 1976; Mulvaney, 1991) . At the same quality end point, live and carcass weights are higher in large-framed cattle. Generally, small-framed cattle tend to accumulate more subcutaneous fat, more intramuscular fat, and less kidney, pelvic, and heart fat than do large-framed cattle (Callow, 1961) . No significant ( P > .05) interactions between diet and breed were detected for carcass characteristics.
In both experiments, ES voltage did not ( P > .05) affect marbling score or quality grade ( Table 3 ) . The use of ES is known to affect quality grade by enhancing rib eye muscle color and improving marbling score (Smith, 1985) . However, these effects are usually noticed when comparing ES cattle to unstimulated controls.
Serum nonprotein hydroxyproline ( HP) concentration, which provides an estimate of whole-body turnover of collagen (Gerrard et al., 19871 , is expected to increase during rapid growth (Kivirikko, 1970) . Serum HP obtained in this study was comparable to that obtained by Gerrard et al. (1987) for steers; however, no dietary effect was observed (Tables 4 and 5 ) . This was probably due to the fact that weight gains of the steers on grain and silage diets were not markedly different. This is in agreement with Fishell et al. ( 1985) , who documented that HP concentration is significantly lower in steers restricted to weight gains of .34 kg/d but is similar between groups gaining 1.42 and .77 kg/d. No breed effects on serum HP were noted ( Table 5 ) .
Physical and Chemical
Composition of the 9-10-11th Rib. Percentage of lean in the 9-10-11th rib was lower ( P < .05) and percentage of fat was higher ( P < .01) for grain-fed than for silage-fed cattle (Tables 6 and 7) . High-energy diets have been shown 'Marbling score 3 = slight-, 4 = slight", 5 = slight'. dQuality grade 9 = Select-, 10 = Select", 11 = Select+. eNS = not statistically significant. to increase the proportions of fat at any weight (Callow 1961; Berg and Butterfield, 1968; Fowler, 1974; Ferrel et al., 1978; Nour and Thonney, 1987) . Percentages of fat, moisture, and protein in separable fat, separable lean, and the longissimus muscle were similar ( P > .05) in grain-and silage-fed cattle ET AL.
( Tables 6 and 7) . Although grain-fed animals had higher marbling scores, percentage of ether extract ( EE) in the longissimus muscle was numerically, but not significantly, higher ( P > .05) in grain-fed than in silage-fed cattle.
Angus steers produced a lower percentage of lean ( P < .05) and a higher percentage of fat ( P < .01) in the 9-10-11th ribs than did Simmental steers ( Table  7) . The chemical composition of dissectable components was similar between breeds, except that the separable lean in Angus 9-10-11th ribs was higher ( P < .01) in percentage of EE than was Simmental separable lean. These results demonstrate that the smaller-framed Angus carcasses contained higher proportions of fat and lower proportions of lean than the larger-framed Simmental carcasses, even though they were slaughtered at the same grade end point and had the same concentration of EE in the longissimus muscle. No diet x breed interactions were observed in this study. Palatability Attributes. All tests of palatability were similar between grain-and silage-fed cattle (Table 8 ).
Several investigators suggested that feeding highenergy diets for a period of 40 to 120 d before slaughter produces relatively high tenderness scores (Zinn et al., 1970; Smith et al., 1977; Harrison et al., 1978; Leander et al., 1978; May et al., 1987) . Aberle et al. ( 198 1) suggested that the growth rate immediately before slaughter is more important to tenderness than is the length of time a high-energy diet is fed. The present study suggests that the influences of dietary energy on meat palatability are eliminated when the slaughter end point is Select grade and the carcasses are subjected to ES. Likewise, there were no breed effects on palatability under the conditions of Exp. 2. Although Angus steaks had numerically, but not significantly ( P > .05), higher marbling scores than Simmental steaks (Table 21 , no differences between Angus and Simmental palatability attributes were observed (Table 9) .
High-voltage ES compared with low-voltage ES
slightly improved the tenderness of steaks in Exp. 1 as (Table 10 ). However, the cited differences seem relatively minor compared with the range of the palatability scales and do not seem to represent major practical significance that could be associated with ES volt age.
No differences ( P > .05) were observed in palatability between chilling rates in either experiment (Table  10) . This is consistent with the findings of Crouse and Seideman (1984) , who reported no effect of chilling rate on longissimus muscle tenderness. They indicated that delayed chilling leads to low pH3, which is correlated with a slower rate of temperature decline.
In the present study (Gomide, 19921, pH2 .5 values in both experiments were within the narrow range of 5.9 to 6.3 for maximum tenderness (Marsh et al., , 1988 Smulders et al., 1990) . Recognition is also given to the possibility that the normal chilling rate in this study could be slower than that of commercial chillers with high air velocity and spray mist.
Implications
This research demonstrated that beef of relatively uniform composition, quality, and palatability may be produced on either corn grain or corn silage diets if a constant quality grade end point is established. It further demonstrated that Select quality grade may be 
